The extragalactic background light at far-infrared wavelengths [1] [2] [3] comes from optically faint, dusty, star-forming galaxies in the Universe with star formation rates of a few hundred solar masses per year 4 . These faint, submillimetre galaxies are challenging to study individually because of the relatively poor spatial resolution of far-infrared telescopes 5, 6 . Instead, their average properties can be studied using statistics such as the angular power spectrum of the background intensity variations [7] [8] [9] [10] . A previous attempt 11 at measuring this power spectrum resulted in the suggestion that the clustering amplitude is below the level computed with a simple ansatz based on a halo model , and is lower than that predicted by semi-analytical models for galaxy formation 14 . Despite recent successes in attributing most of the extragalactic background light at submillimetre wavelengths to known galaxy populations through stacking analyses [15] [16] [17] , we have not individually detected the faint galaxies that are responsible for more than 85% of the total extragalactic intensity at these wavelengths 18 . The faint starforming galaxies are expected to trace the large-scale structure of the Universe, especially in models where galaxy formation and evolution is closely connected to dark matter haloes. Although galaxies are not individually detected in low-resolution observations, their clustering is expected to leave a distinct signature in the total intensity variations at submillimetre wavelengths. The amplitude of the power spectrum of intensity variations as a function of the angular scale provides details on the redshift distribution and the dark-matter-halo mass scale of dusty, star-forming galaxies in the Universe 7 .
The extragalactic background light at far-infrared wavelengths [1] [2] [3] comes from optically faint, dusty, star-forming galaxies in the Universe with star formation rates of a few hundred solar masses per year 4 . These faint, submillimetre galaxies are challenging to study individually because of the relatively poor spatial resolution of far-infrared telescopes 5, 6 . Instead, their average properties can be studied using statistics such as the angular power spectrum of the background intensity variations [7] [8] [9] [10] . A previous attempt 11 at measuring this power spectrum resulted in the suggestion that the clustering amplitude is below the level computed with a simple ansatz based on a halo model 12 .
Here we report excess clustering over the linear prediction at arcminute angular scales in the power spectrum of brightness fluctuations at 250, 350 and 500 mm. From this excess, we find that submillimetre galaxies are located in dark matter haloes with a minimum mass, M min , such that log 10 , and is lower than that predicted by semi-analytical models for galaxy formation 14 . Despite recent successes in attributing most of the extragalactic background light at submillimetre wavelengths to known galaxy populations through stacking analyses [15] [16] [17] , we have not individually detected the faint galaxies that are responsible for more than 85% of the total extragalactic intensity at these wavelengths 18 . The faint starforming galaxies are expected to trace the large-scale structure of the Universe, especially in models where galaxy formation and evolution is closely connected to dark matter haloes. Although galaxies are not individually detected in low-resolution observations, their clustering is expected to leave a distinct signature in the total intensity variations at submillimetre wavelengths. The amplitude of the power spectrum of intensity variations as a function of the angular scale provides details on the redshift distribution and the dark-matter-halo mass scale of dusty, star-forming galaxies in the Universe 309 . These fields have been very well studied at other wavelengths and they are known to have a low Galactic dust density, making it easier to distinguish the extragalactic component we wish to study. The observing time to complete each of the two fields was about 13.5 h, observing simultaneously at 250, 350 and 500 mm.
To limit the influence of a few bright galaxies on the measurement of the power spectrum, we remove galaxies brighter than 50 mJy in all three passbands by masking pixels in our maps with values larger than 50 mJy per beam, as well as the neighbouring pixels. We use the crosspower spectrum of two submaps as our estimate of the sky power spectrum to remove the contribution from the instrumental noise and alleviate potential systematic effects. We correct the raw crosspower spectra for the effects of the angular response function of the instrument and the transfer function of the map-making process. The angular response is established from a set of SPIRE observations targeting Neptune, which is a strong, point-like source for SPIRE, and involving a fine sampling of the beam with a total of 700 scans 21 . The effects of the filtering of the time-ordered data and of the map pixelization are captured with a large set of sky simulations. To estimate our uncertainties, we propagate the errors from the beam measurement, and the simulations provide us with the instrumental and sky variance. The quadratic sum of these errors constitutes our error estimate.
The measured angular power spectrum (Fig. 1a) contains contributions from spatial variations in the brightness of Galactic dust clouds (cirrus brightness) at large angular scales, the clustering of galaxies at intermediate angular scales and a white-noise component at small angular scales arising from the Poisson behaviour of the faint galaxies 7, 9 . The cirrus signal in our Lockman-SWIRE field is taken from existing measurements in the same field with the Infrared Astronomical Satellite, at 100 mm, and the Multiband Imaging Photometer for Spitzer 22 , and extends this spectrum from 100 mm to SPIRE wavelengths using the spectral dependence of a Galactic dust model 23 . We remove this cirrus power spectrum from our measurements and account for the uncertainty in it by adding its error in quadrature to errors in our power spectrum points.
The Poisson behaviour of sources leads to an additional term in the angular power spectrum that is scale independent. The clustering component we measure is the excess of clustered background fluctuations above this shot noise level. As the confusion noise is at the level of 6 mJy at SPIRE wavelengths 5 , with fluctuations in the brightness of the background we are probing the clustering of faint galaxies with fluxes at the level of a few millijanskys at 350 mm. To extract astrophysical information on faint galaxies from the clustering power spectrum, we make use of the halo model 12 . This phenomenological approach connects the spatial distribution of galaxies in the Universe to that of dark matter. To model submillimetre galaxies in dark matter haloes, we use the following halo occupation distribution, which describes the number of galaxies as a function of the halo mass, M, when M is greater than a minimum mass scale, M min :
Here M 1 is the mass scale at which more than one galaxy is present in a single dark matter halo, taken to be between 10 to 25 times M min , and a is the power-law scaling of satellite galaxies with halo mass. The halo model involves two parts: the one-halo term, with clustering of galaxies within haloes, and the two-halo term, with clustering of galaxies between haloes. Whereas with the two-halo term alone, parameters related to the occupation number are degenerate with each other and the bias factor or the number density of galaxies, with clustering in the one-halo part of the power spectrum also included, the parameter degeneracies are broken and M min can be determined more accurately 12 .
At scales of a few arcminutes and above, we measure a clustering excess, arising from the one-halo term, over the two-halo term tracing the linear-density-field power spectrum scaled by galaxy bias (Fig. 1b) . The one-halo term arises when more than one far-infrared galaxy occupies the same halo. A hint of the one-halo term was previously seen in the clustering of the bright (.30-mJy) submillimetre galaxies 24 , but evidence for such clustering was not found for bright galaxies in a different Herschel data set 25 . To describe the power spectrum of the intensity fluctuations, we also need a prescription for the redshift evolution of the source intensity. Although models exist in the literature 26, 27 , our data are of sufficient quality that we can directly constrain the redshift evolution of the source intensity from our measurements: we constrain its value in four redshift bins in the range 0-4.0. The halo model parameters, the source intensity parameters and the shot noise amplitude are jointly estimated with Markov chain Monte Carlo fits to the power spectrum measurements. We impose the additional prior on our parameter estimates that the redshift-integrated source intensity from our model fits, including the fractional contribution from bright sources that we have masked, be within the 68% range of the known background light intensity in each of the three wavebands 2 . We combine the estimates of the source intensity evolution in the three wavebands (250, 350 and 500 mm) and in the four redshift bins to measure the bolometric luminosity density between 8 and 1,100 mm as a function of the redshift (Fig. 2) . We find that the far-infrared luminosity density continues to be significant out to a redshift of four and is at least a factor of ten larger than the luminosity density of individually detected submillimetre sources with flux densities above 30 mJy alone 18 . Using the halo model fits, we estimate that the minimum dark matter mass scale for dusty, star-forming galaxies at the peak of the star formation history of the Universe is such that log 10 {0:5 . The differences in the minimum halo masses and the bias factors between the three wavelengths are probably due to a combination of effects including overall calibration uncertainties, the fact that at longer wavelengths we may be probing colder dust than at shorter wavelengths, and differences in the prior assumption on the total background intensity. In future, numerical models on the distribution of submillimetre galaxies will become useful in properly understanding some of these subtle differences. Averaged over the three wavelengths, the minimum halo mass for submillimetre galaxies is at the level of 3 3 10 On the basis of a variety of observed scaling relations such as that between stellar mass and circular velocity, the dark matter halo mass scale for efficient star formation has been indirectly inferred to be about 10 11 M [ (ref. 13 ). As the submillimetre galaxies are the most active star-forming galaxies in the Universe, it is likely that the minimum halo a, The total power spectrum, P(k), at 350 mm as a function of the wavenumber, k, in inverse arcminutes. The error bars are uncertainties at the 68% confidence level. The shaded region is the cirrus signal in our Lockman-SWIRE field. To describe the total power spectrum, we take a power law with P(k) 5 A(k/k 1 ) n 1 P SN , where k 1 is fixed at 0.1 arcmin 21 and P SN is the shot noise amplitude. At 350 mm, we find that A 5 (5.79 6 0.26) 3 10 3 Jy 2 sr 21 and n 5 21.28 6 0.07, shown by the red line. The light-blue line is the best-fit shot noise amplitude, which has a value of 4,600 6 70 Jy 2 sr
21
, in agreement with the value of 4,500 6 220 Jy 2 sr 21 predicted by best-determined source counts 28 . The shot noise errors include the 15% uncertainty in the SPIRE absolute flux calibration 21 . In green, we show the total power spectrum combined with the mean estimate of the cirrus signal. b, The angular clustering power spectrum at 350 mm as a function of wavenumber, with errors showing uncertainties at the 68% confidence level. The best-fit shot noise value (dashed blue line) has been removed from the data and its uncertainty added to the overall error in quadrature. The green lines show the best-fit halo model with a reduced x 2 value of 1.02. The dot-dash line shows the two-halo term and the dashed line shows the one-halo term, which is responsible for the clustering at small angular scales. Data in the lowest-wavenumber bins contaminated by cirrus brightness have been omitted. For comparison, we also show a previous measurement of the power spectrum of brightness fluctuations at 350 mm, made with BLAST
11
. The results related to 250 and 500 mm are summarized in Supplementary Information.
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mass scale for such galaxies that we determine from brightness fluctuations corresponds to the preferred mass scale of active star formation in the Universe. In dark matter haloes below this mass, star formation is expected to be inefficient as a result of photoionization feedback 13 . The underlying astrophysics needed to explain the numerical value we find is still missing from galaxy formation theories: existing semi-analytical models predict a mass scale for faint, submillimetre galaxies that are roughly ten times larger 14 . We provide strong evidence for a minimum mass scale for active star-forming galaxies by studying the background intensity variations generated by those galaxies in our sky maps. Our direct estimate of the minimum dark matter halo mass provides a critical value needed to improve theoretical models of submillimetre galaxies and the overall picture of galaxy formation and evolution.
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